The 
Introduction
The two-wheeled and self-balancing robot is a multivariable, nonlinear and unstable nature controlled object, where the effective balance control has been attracting the attention of scholars, and many kinds of control scheme are proposed. The traditional parameter adjustment of PID control is difficult, and it has the problem of frequent oscillation and large overshoot amount [1] . The optimal LQR controller can correct the two-wheeled balancing robot system in a short period of time [2] . It makes the system reach the equilibrium state and has the good robustness and stability, but it is difficult to determine the weighted matrix Q and R [3] [4] . The above two methods are dependent on the accurate mathematical model of the controlled object and often difficult to obtain the accurate mathematical model of the object in the practical application, so it makes the application scope of PID and LQR controller restricted. In view of the practical problem that it is difficult to model, the two-wheeled and self-balancing robot control system which is based on the fuzzy control can overcome the instability and nonlinear nature of the system, but the fuzzy rules are too much and increases the difficulty of the reasoning [5] [6] . This paper combines the fuzzy control and immune PD controller to design the fuzzy immune PD controller. The controller not only inherits the advantages of the traditional fuzzy control, which does not depend on the object mode and has the less fuzzy rules and is easy to project implementation, but also it overcomes the shortcomings of the traditional PD and LQR controllers which are poor in the adjusting follow-up when it is in the strong interference or highly nonlinear nature and uncertainty. Therefore, it improves the performance of the controller greatly. We can see this method has the good static and dynamic performance through the simulation test and comparison, and it is more suitable for the posture balance control of the two-wheeled and self-balancing robot.
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Copyright ⓒ 2014 SERSC But the immune system fuzzy PI controller design is more complex than the immune PD control and fuzzy control, adjust parameters more.
The control system of self-balancing robot is mainly composed of four parts. The first is the core controller unit, which uses MOTOROLA 32-bit processor; the model is K60 used to analyze the above attitude data information. The corresponding control algorithm calculation is made to make control decisions, and the control signal is sent to the drive unit to control the drive motor; the second is the sensor unit of the robot, which includes the gyroscope, accelerometer and speed sensor [7] used to measure the real-time attitude information of the robot. The third is the robot drive unit, which adjusts the motion state of the two motors according to the signal from the controller; The fourth is robot communications unit, which implements the PC modification parameter and the machine controller saves the receiving parameters in the EEPROM; at the same time, the machine transmits the real-time posture information of the robot to the PC monitoring interface. The control system hardware structure diagram is shown in Figure 1 
The Posture Control Principle of the Two-wheeled Self-balancing Robot
The two-wheeled and self-balancing robot can be regarded as the simple inverted pendulum whose high is L and quality is m; it is placed on the wheel which can move around. As shown in Figure 2 -1, if we want to make the inverted pendulum like a pendulum stabilized in the vertical position through the control, there are only two ways: one is to change the direction of gravity, and another is increasing the additional stress to make the restoring force and displacement in the opposite direction. However, it is obvious what we can do is only the second way. The wheel at the bottom of the inverted pendulum is controlled to make it do the accelerated motion. If we stand on the mobile robot (non-inertial system) and see the inverted pendulum, it will get an additional force (inertia force); the direction of this force is opposite to the acceleration of the wheel, and the size is in proportion to it. The restoring force which the inverted pendulum receives is:
The formula assumes that the control wheel acceleration is in proportion to the deflection, and the ratio is k1. Obviously, if k1 > g (acceleration of gravity), then the direction of the restoring force is opposite to the displacement. In addition, in order to make the inverted pendulum stabilize in the vertical position as soon as possible, we also need to increase the damping force, which is in proportion to the speed of the deflection, and the direction is opposite. Therefore, Equation (1) can be changed into:
Therefore, the control algorithm of the wheel acceleration of the two-wheeled selfbalancing robot is:
However, we need to measure the two-wheeled self-balancing robot angle  and angular velocity '  , and it is the controlled up-right, namely the PD control.
Main Title The Fuzzy Immune PD Controller

The Immune PD Control Principle
The immune PD control algorithm realizes the control function through learning from the immune mechanism in the biological systems [8] . Based on the biological immune feedback principle [10] , the immune control algorithm is formulated as follows: let the number of 
（4）
Among them:
（6）
In the above formula, 1 k is the stimulating factor; 2 k is the inhibiting factor.
The amount of the antigen (4), (5), (6):
（7）
In the above formula, 
The Fuzzy Immune PD Control Principle
The immune control algorithm which is deduced by the principle of immune feedback [11] is actually a nonlinear P control algorithm, and its proportion coefficient changes over the control output. Therefore, we can use this algorithm to adjust the P parameters of PD controller to increase the adaptive ability for the system.
The most difficulty to determine is the nonlinear function
in the immune control. Considering that the fuzzy control belongs to the nonlinear control, and it is proven to be the universal function approximation method [12] , we can select the fuzzy control method to construct the nonlinear function approximation 
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The system error signal E and error change rate Ec as the fuzzy controller input, after fuzzy reasoning and decision-making, updating KD values, namely: to get the PD controller output Ue, Ue and its rate of change as an immune regulator input . After adjusting the immune aspects, the resulting variation KP, and then gave PD controller to update the KP, this closedloop continuous optimization Ue to control the robot.
Using the fuzzy reasoning logic approaching the nonlinear function f, the fuzzy input variable is u  , and the fuzzy output variable is f [13] . Assuming that each input variable is blurred by two fuzzy sets, "positive" (P) and "negative" (N), respectively, the output variables are blurred by three fuzzy sets, "positive" (P), "zero"(Z) and "negative" (N), and the membership functions of u ， u  and f, respectively, are shown in Figures 3-2, 3-3 Using Mamdani fuzzy reasoning [14] , the Zadeh fuzzy logic and operation [15] and the common mom anti-fuzzy method [16] get the rules of the variable u ， u  and f , and they are shown as follows:
(1) If u is P and u  is P then
(2) If u is P and u  is N then
It can be seen in formula (7) that it is a nonlinear P controller [17] ; the proportion coefficient is
, and it changes over the controller output, among them, and the K is the gain. The immune PD controller output is:
The Simulation Experiment of Fuzzy Immune PD Controller
The simulation experiments are conducted in the simulink environment, and the simulation diagram which has been set up is shown in Figure 4 The given angle is the balance point angle 0, and the mathematical model of the two-wheel self-balancing robot is simulated by the conventional PD control, fuzzy PD control and fuzzy immune PD control algorithm, respectively.
The sampling time is 15s, among them 1 K values 0.06,  values 0.5. The response curve of step signal in the balance point applied is shown in Figure 4 -2. It can be seen the response speed of the fuzzy immune PD is fast from the simulation curve, and it oscillates only once, and the range is small. It converges to zero at about 3.5s, and it almost has no overshoot. The fuzzy PD which is close to 7s also converges to zero, the overshoot is also smaller, but the overshoot amount is significantly greater than the fuzzy immune PD control. The overshoot amount of PD control curve is the largest, and it reaches 15%. It converges to zero at about 10s, so the control effect is inferior to the fuzzy immune PD control and the fuzzy PD control. The response curve of applying interference is shown in Figure 4 -3, it can also be seen that the anti-interference curve of fuzzy immune PD control converges to zero quickly; the response speed is fast, and it is faster than the fuzzy PD control and fuzzy control. In order to compare the traditional PD control, fuzzy PD control and fuzzy immune PD control characteristics of the algorithm, each algorithm control indicators in Table 1 . 
The Physics Experiment of the Fuzzy Immune PD Controller
The physics experiment subject of the control system adopts the self-designed and selfbalancing robot of two rounds, it is shown in Figure 5-1 . When the self-balancing robot moves, the gyroscope and accelerometer fusion algorithm are used to measure the angle. The system uses the Bluetooth serial port to communicate and transmit the real-time data information. The data sent by the wireless can be read at any time through the self-developed PC LABVIEW monitoring platform, and a variety of data that the robot walks and operates can be observed. 
Conclusion
This paper designs the fuzzy immune PD controller for the two-wheeled and self-balancing robot. The simulation results show that the self-balancing robot system has the characteristics of fast response speed, fewer oscillation times and small overshoot. Based on this method, its control effect is better than the effect of PD and fuzzy PD control, so it has a good application prospect.
Fuzzy Immune PD feedback mechanism to control the use of immune-line adaptive parameters Kp; which implements the optimized PD parameters. Fuzzy Immune PD controller simulation and physical experiments showed that: Fuzzy Immune PD controller inherits the fuzzy PD controller for uncertain mathematical model of the controlled object; simple advantage; also overcome the fuzzy PD control of nonlinear systems with poor mobility shortcomings, to better achieve the two-wheeled self-balancing robot stability control.
Given the biological immune system is a very complex system, which contains a wealth of information processing mechanisms. These information processing mechanism to solve the problem of robot control are of great help. This article exhumed and take advantage of just one small part. Therefore, in this paper, further research work will be genetic, immune algorithm combined with control system, so as to improve the performance of the control system must be able to in dealing with a lot of nonlinear time-varying complex has better performance.
